In this article, nonlinear thermal Analysis of air-heating flat-plate solar collectors was conducted to obtain temperature distribution inside the heat transfer unit. Due to temperature-dependency of specific heat coefficient of air, the governing differential equation had a noticeable nonlinear nature. Therefore, for the solution of nonlinear equation a highly accurate and simple analytical method which is called Differential Transformation Method (DTM) and basic numerical method, Runge-Kutta (RG) was employed. As a significant result, it is depicted that the DTM results have an interesting conformity with numerical ones. After this verification, the effects of physical applicable parameters on temperature distribution, useful gained heat and thermal efficiency of collectors were investigated. It was concluded that increase in dimension of collector may not increase the efficiency (about 10% decreased). However an increase in the effectiveness coefficient ( ) and air mass flow rate ( ) enhanced the performance of solar collectors and the process efficiency increased up to 12%.
INTRODUCTION
radiation, ambient temperature and wind speed), design
In recent years, special attention is paid to renewable parameters (air flow rate, mode of flow). The principal energy resources which are alternative replacement of requirements of these designs are a large contact area fossil fuels. One of the clean renewable energy is solar between the absorbing surface and air [1] . energy which is used for heating and cooling in buildings,
The solar air heating collectors can be used into two drying process, water heating in domestic and industrial main categories for drying and heating the room. Product applications, heating swimming pools, generate electricity, issues through drying in sun and hot air are discussed in many chemical applications and other operations [1] .
literatures [2] . The SAH system consists of two parts: a One of the useful applications of solar energy is air solar collector mounted on the side of the building facing heating which is shown in Fig. 1 . Solar air heating (SAH) the equator and a fan and air distribution system installed is a solar thermal technology in which the energy from the inside the building (Fig. 1) . SAH collectors can be sun, solar insulation, is captured by an absorbing medium classified into two types, named bare-plate and covered and used to heat air. SAH as a renewable energy, the plate solar energy collectors. technology is used for air conditioning and often used for Bare-plate collectors are the simplest forms of solar heating purposes. It is typically the most cost-effective collectors which they consist simply of an air duct, solar technologies, especially in commercial and industrial absorber plate and an insulated surface [3] . Covered-plate applications and it addresses the largest usage of building collectors are used for minimizing the upward heat losses. energy in heating climates, which is space heating and Common cover materials used are glass, Plexiglas and industrial process heating. cooling by irregular rainfall [4] . However, the cost of versions. Abdel-Halim Hassan [14] has applied the DTM cover materials and construction for covered-plate for different systems of differential equations and he has collectors is increasing but they operate at higher discussed the convergence of this method in several efficiencies than bare-plate collectors at moderate examples of linear and non-linear systems of differential temperatures [5] .
equations. Abazari and Abazari [15] have applied DTM There are various design configurations available for solving the generalized Hirota-Satsuma coupled KdV involving different combinations of geometrical details equation. Abbasov et al. [16] employed DTM to obtain and airflow patterns. A novel solar air collector of pin-fin approximate solutions of the linear and non-linear integrated absorber is designed to increase the thermal equations related to engineering problems and they efficiency by Peng et al. [6] . Their design has many showed that the numerical results are in good agreement advantages such as achieving high thermal efficiencies, with analytical solutions. Balkaya et al. [17] applied DTM large flexibility, having long durability and acceptable to analyze the vibration of an elastic beam supported on costs. Review of various designs and performance elastic soil. evaluation technique of flat-plate SAH collectors for low In this study, the authors' intention was to obtain temperature solar-energy crop drying applications and and solve the nonlinear differential equation of the airappropriateness of each design and the selection of heating flat-pate solar collector to find temperature materials as guidelines have been prepared by Ekechukwu distribution inside the unit. For this aim, analytical [4] . differential transformation method (DTM) and numerical Dovic and Andrassy [7] presented the 2-D and 3-D method were applied and the effects of effective numerical finite volume models for collectors which allow parameters (W, L, U , ta and m ) appearing in the the precise analysis of important design and operating formulation on the collector thermal efficiencies were parameters such as dimensions and shape of the tube investigated. bond, coating and emissivity, glazing to absorber distance, tube diameter, fluid flow rate and wind velocity.
MATERIALS AND METHODS Their simulations performed on collectors without tubes and the results showed that no significant improvement Problem Description: Fig. 2 shows a control volume of a of its efficiency can be achieved by either decreasing or solar collector which contains absorber plate, air medium increasing the distance between absorber and glazing. and back plate. An energy balance on the absorber plate The numerical method of solving the set of first-order of area (1× x) is given by equation [1] There are a lot of methods to solve the nonlinear equations of engineering cases [10, 11] . Differential transform method (DTM) is a useful and applicable method to overcome the complexity of such problems. DTM is based on Taylor series expansion. It constructs an analytical solution in the form of a polynomial. It is different from the traditional high order Taylor series method, which requires symbolic computation of the necessary derivatives of the data functions. This method was first applied in engineering domain by Zhou [12] and its abilities have attracted many authors to use this [13] employed DTM on some PDEs and their coupled 
Where (6) The initial condition of Eq. (12) is T=T at x=0.
Substituting Eq. (4) into Eq. (2) is given by the following coefficients, Reynolds number should be determined first: equation; (7) Finally, combining Eq. (5) and (7) has resulted in the following equation:
Where is the collector efficiency factor for air collector which express in the following equation: (9) It should be mention that in all previous mathematical models which have been done by other researchers, air is thermal analysis. In a reality, the specific heat of the air researchers called NASA polynomial equation [18] . They curve is nearly linear to a close approximation [19, 20] , P By use of the physical properties of air at different and 0.083, respectively [1] . By substituting Eq. (11) into Eq. (8) and rearrangement, the following equation (12) i For calculating the convection heat transfer (13) Where A =s×W is the cross sectional area and D is the c hydraulic diameter of the channel:
0.0158Re
After determination of Reynolds number, convection heat transfer coefficients for turbulent flow can be calculated as follows [1] : (15) Collector's performance can be measure using the collector thermal efficiency, defined as the ratio of useful heat gain over any time period to the incident solar radiation over the same period The Maclaurin series of x(t) can be obtained by taking t =0 in Eq. (17) like:
As explained in literature [10] the differential transformation of the function x(t) is defined as follows: (19) 
It is clear that the concept of differential transformation is based on Taylor series expansion. The values of function X(k) at values of argument k are referred to as discrete, i.e. X(0) is known as the zero discrete, X(1) as the first discrete, etc. The more discrete available, the more precise it is possible to restore the unknown function. The function x(t) consists of the T-function X(k) and its value is given by the sum of the T-function with (t/H)k as its coefficient. In real applications, at the right choice of constant H, the large values of argument k the discrete of spectrum reduce rapidly. The function x(t) is expressed by a finite series and Eq. (20) can be written as follows:
The most important mathematical operations which are performed by differential transform method are listed in Table 1 . The trapezoid method is generally efficient for typical (22) problems, but the midpoint method is so capable of
Where is transformed form of T and known as the fourth-order Runge-Kutta-Fehlberg The numerical solution is performed using the algebra package Maple 15.0 to solve the present case. The package uses a fourth order Runge-Kutta-Fehlberg procedure for solving nonlinear boundary value (B-V) Fig. 3 shows the effect of width of collector (W) on problem. The algorithm is proved to be precise and temperature. As it can be seen by increasing the width accurate in solving a wide range of mathematical and (W), temperature magnitude in the collector is engineering problems especially heat transfer cases [22] .
increased.
trapezoid or midpoint method. There are two major considerations when choosing a method for a problem.
handling harmless end-point singularities that the trapezoid method unable to do. The midpoint method, also method, improves Euler method by adding a midpoint in the step which increases the accuracy by one order.
technique [23] .
To determine the temperature distribution through
As already described, because of the nonlinearity of Eq. (12), numerical or analytical method must be applied to (base values) is presented in Eq. (26). Table 2 Effect of collector effectiveness ( ) is illustrated at Fig. 4 . Increasing effectiveness coefficient makes the temperatures increase as a prospect and considerable result. Fig. 5 confirms that extending the heat loss coefficient (U ) lead to decrease the temperature L distribution level which is obvious. Effect of air flow rate () on temperature distribution along the collector length is demonstrated by Fig. 6 . A significant outcome can be concluded from this figure that when the air mass flow rate increases, because of large amount of air, temperature along the collector decreases.
For demonstrating the collector's performance, thermal efficiency must be determined through Eq. (16) . So, three different length for collector are selected (L=2, 4 and 6m) and the outlet temperature (T ) from DTM o formula are calculated for one of them which are shown in Table 3 . As seen in Eq. (16), for calculating the collector Table 4 . Using the data of Table 4 , thermal efficiency of each collector can be determined. Increase in the leads to higher thermal efficiency but increasing in the U caused L reduction in efficiency. Another important outcome is that although increasing in the air flow rate makes the temperature distribution enhanced (Fig. 6) . For desired the thermal efficiency of the air-heating collectors increased. 
CONCLUSION

